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3.0 MATERIALS AND METHODS 
 
 
3.1 Chapter overview 
 
This chapter provides information on materials, equipment and activities used to 
achieve the research objectives of this thesis. In the first section, materials employed 
during the experimental analyses are explained in detail. Next, techniques and 
operational procedures of the multistage agitated column will be introduced together 
along with the calibration of the equipment. Methods employed to determine the 
hydrodynamic properties of the two immiscible liquid will be discussed in the last 
section. 
3.2 Materials 
 
The chemicals involved in this hydrodynamic study is in liquid phase where the details 
will be explained in the Chemicals subsection 
3.3 Chemicals 
 
The two main biodiesel substrate used in the hydrodynamic study will be ethanol and 
also palm oil. Therefore, absolute pure ethanol (100 % purity) and commercial 
vegetable oil (triglyceride) will be used. Also, phenolphthalein indicator will be 
employed to detect the presence of free fatty acids (FFA) in the emulsion layer. 
 
Chemical  Purity Application Supplier  
Vegetable oil - Reactant Neptune 
Ethanol 100% Reactant Sigma Aldrich 
    
Phenolphthalein - Indicator Sigma Aldrich 
 
Table 3-1: List of chemicals employed 
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3.4 Agitated (impeller) extractive column 
 
 
 
 
 
Ethanol will be fed in the bottom decanter whereas the heavier palm oil liquid will be 
allowed to flow from the top decanter in which these two immiscible liquids will 
interact with one another. Ethanol being a lighter phase liquid will flow in the upwards 
direction and palm oil will eventually pass through the column in the opposite direction 
to that of ethanol flow (counter-current flow) due to density difference. There will be 
nine stages along the column where each of these stages have liquid withdrawing outlet 
called ‘septum’ and an impeller to facilitate the flow movement of the two immiscible 
liquid. 
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Figure 3-1: Extractive Agitated Reactor Column 
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3.5 Calibration of the flowmeters 
 
It is required to calibrate the flowmeter before starting the experiment. This is because 
the flow for different fluids may not be as the same as what has been indicated by the 
flowmeter. In this study, flowmeter 1 and 2 will be calibrated for the flow of palm oil 
and ethanol respectively. Also, pump 6 will be calibrated for the backflow of palm oil to 
the storage tank 3. The procedure to calibrate the flowmeters are as follow: 
 
i. The valve for pump 1 is opened and the pump is switched on at a 
constant stoke and speed. 
ii. The flowmeter is adjusted to the desired flow rate ; for instance  
20ml/min 
iii. The volume of liquid collected within one minute is collected and 
measured using a 100ml scaled measuring cylinder and repeated twice to 
obtain its average value 
iv. The volume collected for other flow rates (30-  300ml/min) are recoded 
v. A calibration curve of the actual flow rate measured against the indicated 
flow rate by the flowmeter is then plotted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
